two decades of the 20th century, even in the presence of significant breakthroughs in medical technology and its application, improvements in maternal and infant pregnancy ouctomes slowed down significantly, and in some cases, outcomes deteriorated. For example, from 1960 to 1980, the maternal mortality rate decreased from 32.1 to 9.4 deaths per 100,000 live births, a decrease of 70.7%. From 1980 to 2000, the maternal mortality rate decreased only 12.8%, from 9.4 to 8.2 ( Figure 1 ) [2] . At the same time, from 1980 to 2000, the proportion of babies born preterm, very preterm, low birth weight, and very low birth weight increased by 26%, 8.2%, 14.7% and 25.9%, respectively ( Figure 2 ) [4] . However, unlike other maternal and infant health indicators, from 1980 to 2000 the infant mortality rate continued to decrease almost at a similar pace as that from 1960 to 1980, dropping by 45.2% from 12.6 to 6.9 infant deaths per 1,000 live births, compared with a drop of 51.5% from 26.0 to 12.6 per 1,000 live births for 1960 to 1980 ( Figure 1 ) [2] . Finally, it is estimated that the proportion of babies born in the United States who have a serious or major structural defect that can have adverse effects on their health or development continues to be about 3% [5] .
Associated with this slowing rate of improvement (and, in some cases, deterioration) in pregnancy outcomes and maternal and infant health indicators is a shift in the leading causes of infant mortality. In 1960, maternal complications of pregnancy (including complications of placenta, cord, and the membranes) did not appear on the list of the 10 leading causes of infant mortality [1] . By 1980, maternal complications of pregnancy became the fifth leading cause of infant mortality, and the third leading cause of infant death in 2002, after congenital anomalies and low birth weight/preterm delivery [6, 7] . In 2002, congenital anomalies, low birth weight, preterm delivery, and maternal complications of pregnancy accounted for 46 .4% of all infant deaths in the United States (12,996 infant deaths) ( Figure 3 ) [7] . Although some of these infant deaths might have been prevented through interventions targeted at improving the health of mothers and modifying behaviors contributing to adverse pregnancy outcomes, poor maternal health, behaviors contributing to adverse pregnancy outcomes, and maternal complications of pregnancy continue to be prevalent. For example, 28.6% of women who gave birth between 1993 and 1997 were reported to have an obstetric complication, 4.1% had a preexisting medical condition, and 43.0% experienced some form of maternal morbidity (i.e., an obstetric complication, a preexisting medical condition, a cesarean section, or any combination of the three types of morbidity) [8] . In 2002, 26.1% of all deliveries were performed using cesarean section, presumably because of maternal or infant complications [8] .
Early prenatal care is too late
One of the reasons that progress in improving pregnancy outcomes has slowed down, and in some cases reversed direction, is that we have failed to intervene before pregnancy to detect, manage, modify, and control maternal behaviors, health conditions, and risk factors that contribute to adverse maternal and infant outcomes. Although we know many interventions that, if delivered before pregnancy, could improve pregnancy outcomes, we have failed to make those services and interventions available to couples and women in need. Women of childbearing age suffer from a variety of chronic conditions that could potentially contribute to adverse pregnancy outcomes. For example, in 2002, the U.S. Department of Health and Human Services reported that 6.1% of women of reproductive age have asthma, 5% are obese, 3.4% have cardiac disease, 3.0% are hypertensive, 9.3% are diabetic, and 1.4% have thyroid disorder [9] . Moreover, a substantial proportion of women continue to enter pregnancy with risks proven to contribute to adverse pregnancy outcomes: in 2002, 11.4% of pregnant women smoked during pregnancy, a risk factor for low birth weight [4] ; at the same time, 10.1% of pregnant women and 54.9% of women at risk of getting pregnant consumed alcohol, a risk factor for fetal alcohol syndrome [10] . Finally, using the Perinatal Periods of Risk approach, researchers in three cities (New York City; Tulsa, Oklahoma; and Kansas City, Missouri) concluded that racial and ethnic disparities in fetoinfant mortality were largely related to maternal health, and, interventions to reduce feto-infant mortality should include preconception care and improvements in women's health [11] [12] [13] . The prenatal care "revolution" of the 1980s resulted in an increase in the proportion of women receiving early prenatal care (defined as prenatal care begun in the first trimester) [2] . After decreasing from 76.3% in 1980 to 75.8% in 1990, the proportion of women receiving early prenatal care increased to 83.2% in 2000 [2] . However, for many women, "early prenatal care is too late" [14] . By the time a pregnant woman makes it to her first early prenatal visit, most fetal organs are already been formed, and many interventions to prevent birth defects or adverse maternal and infant outcomes come too late to have any effect. As a result, many national organizations now recommend routine preconception care. For example, the March of Dimes recommends that "as the key physician/primary care provider, the obstetrician/gynecologists must take advantage of every health encounter to provide preconception care and risk reduction before and between conceptions-the time when it really can make a difference" [14] . The American Academy of Pediatrics (AAP) and the American College of Obstetricians and Gynecologists (ACOG) recommend that "all health encounters during a woman's reproductive years, particularly those that are a part of preconception care, should include counseling on appropriate medical care and behavior to optimize pregnancy outcomes" [15] .
Preconception interventions work
Interventions designed to lower preconception risks are known collectively as preconception care. These interventions are characterized by the need to start-and sometimes complete-a designated intervention before conception occurs. To simplify matters, ACOG and AAP have grouped the main components of preconception care under four categories of interventions: maternal assessment (e.g., family history, behaviors, obstetric history, general physical exam); vaccinations (e.g., rubella, varicella and hepatitis B); screening (e.g., HIV, STD, genetic disorders); and counseling (e.g., folic acid consumption, smoking and alcohol cessation, weight management) [15] . Many of these interventions are currently available to women and, when indicated, to couples; however, they are not systematically delivered. A comprehensive review of the literature identified a long list of risk factors suggested to be included in comprehensive preconception care (Table 1 ). The strength of evidence supporting the efficacy of the various components of preconception care varies greatly [16] . Clinical practice guidelines (CPGs) have been developed for reducing the risk related to some of these factors. We identified 14 conditions for which CPGs exist and for which there is scientific evidence demonstrating effectiveness in improving pregnancy outcomes (Table 2 ) . However, the best evidence for the effectiveness of specific components of preconception care is seen when the focus was on a single intervention and often not in the context of improving pregnancy outcomes. For example, effectiveness documented by the U.S. Preventive Services Task Force for interventions related to smoking, alcohol misuse, and obesity are based on studies of interventions delivered in primary care settings that was not complicated by the additional delivery of other components of preconception care [56, 61, 66] . One study reported the effectiveness of comprehensive preconception care but inferences for the United States are limited because the setting of intervention delivery was in Hungary [75] .
Priorities for preconception care and preconception health
The immediate priority is to ensure that evidence-based preconception interventions are implemented to further improve infant and maternal pregnancy outcomes. Many national professional organizations have developed and published CPGs for specific components of preconception care. For example, the American Diabetes Association developed CPGs to be started before pregnancy for women with preconception diabetes [28] . The American Association of Clinical Endocrinologists has developed preconception CPGs for women with hypothyroidism [34] . CPGs have also been developed for women being treated with teratogenic medications to guide the transition to safer medications. CPGs for women using antiepileptic drugs or oral anticoagulants have been developed by the American Academy of Neurology [50] , the American Heart Association, and the American College of Cardiologists, respectively [44, 46] . Guidelines, recommendations, and strategies for reducing alcohol misuse and prevention of fetal alcohol syndrome have been developed and published by the U.S. Public Health Service, U.S. Preventive Service Taskforce, ACOG, and the National Taskforce on Fetal Alcohol Syndrome and Fetal Alcohol Effects [55] [56] [57] [58] [59] .
However, moving forward towards more universal preconception care is not without its challenges. There is no national policy, nor do standard tools exist, for the delivery of these services. Some have suggested that challenges could be overcome by promoting preconception health to all women of reproductive age at each and every encounter with the health care system. The generally recommended mechanisms would include risk assessment (screening), health promotion (education and counseling), and intervention or referral. However, the existing recommendations to provide these three essential components have not been translated into practical tools for action and decision-making in the clinical setting. Stated another way, primary care providers do not have the tools they need to implement what is known to work for improving preconception health.
Challenges and opportunities
Whereas clinical practice and the promotion of preconception care services could potentially be shaped by guidelines, widespread adoption of the guidelines requires a more active approach [76, 77] . The literature on diffusion of innovation and translation of research into practice clearly indicates that changing primary care providers' knowledge, attitudes, and practices requires multiple steps including consolidation and distillation of guidelines, active organizational support, clinically relevant decision tools, use of quality improvement techniques, and performance monitoring [78, 79] . A growing body of research indicates that providers are more likely to engage in evidence-based practices following [72] [73] [74] participation in quality improvement projects (e.g., rapid improvement cycles or collaborative groups). The federally funded Health Disparities Collaborative, the Perinatal Care and Patient Safety Collaboratives, and similar quality improvement efforts for community health centers demonstrate how such approaches are being used to better serve low-income and uninsured patients. The need to develop innovative approaches to deliver and finance bundles of preconception interventions must be viewed as a high priority. However, although strong evidence exists for many preconception care interventions and shows they are effective, discussion continues regarding the benefits of delivering comprehensive preconception care [16, 80, 81] , and the effectiveness or added value of "packaging" or "bundling" these interventions remains to be determined. For example, preconception care interventions could potentially be bundled into behavioral modification services (e.g., smoking and alcohol cessation, weight control, exercise), screening and assessment (e.g., vaccines, general physical examination), and specialized care (e.g., management of diabetes and hypertension). Alternatively, interventions could be bundled into visits (e.g., do x at each well-woman visit, do y every 2 years, do z only for women at risk). Some evidence already suggests that bundling could be of added value. For example, an evaluation of the National Centers of Excellence in Women's Health found that, compared with other settings, women received better-quality primary health care at those centers having better integrated and coordinated services [82] . However, more such research, focused specifically on integration of preconception care components into primary care, is clearly warranted.
Efforts to promote healthy behavior and improve service delivery should be accompanied by improvements in health care coverage and financing for women of childbearing age. Affordability of care is a major concern for many women [83] , and more can be done to improve access to preconception care. Many women under age 65 are uninsured, including 40% of poor women, one third of near-poor women (with income between 100% and 200% of the federal poverty level), 50% of women with disabilities, and 29% of young women ages 19-24 years [84] . Expanding health care coverage for low-income women, through public programs such as Medicaid, Medicaid waivers, the State Children's Health Insurance Program (SCHIP), is particularly important. Medicaid offers particularly important opportunities. In 2003, 12% of all women of childbearing age (15-44 years) and 37% of poor women in that age group relied on Medicaid for health care coverage [83] . Many low-income women do not, however, qualify for Medicaid because they do not have children under age 18, are not over age 65, or are undocumented. As states seek to expand Medicaid coverage to low-income, uninsured adults, women of childbearing age should receive high priority.
Although two thirds of women in Medicaid are of childbearing age 85] , many additional low-income women do not qualify for Medicaid benefits under current state eligibility rules unless they are pregnant. Without coverage before and between pregnancies, low-income women typically miss preventive visits [83] . Recognizing these gaps and missed opportunities for prevention, 21 states have developed special programs (under federal Medicaid waivers) that cover some women who do not otherwise qualify for Medicaid, particularly to offer family planning and interconception care. Specifically, these states extend eligibility to women who lose coverage after the birth of a baby or starting a job, while other states offer family planning coverage based on income status to men and/or women [86] . An evaluation of "family planning waiver" projects prepared for the federal Center for Medicare and Medicaid Services (CMS) found that they resulted in significant savings to both the federal and state governments [87] . Greater potential savings and prevention, however, could undoubtedly result if states offered more preconception risk screening, health promotion, and interventions; to do so, however, states need permission from the federal government to include such services in their waivers or need for Congress to approve interconception care as an optional benefit.
Finally, special attention should be given to the continuing, and sometimes increasing, racial gap in poor outcomes, especially in terms of access to services, and quality of care. These priorities can potentially complicate decision-making for public health policy. The best evidence of intervention effectiveness is often based on studies of health care systems. However, in developing programs and policies for the delivery of preconception services, one must consider the fact that poor access to health care can be a major determinant of health disparities.
Preconception care: the next maternal and child health frontier
The significant improvements in infant and maternal pregnancy outcomes during the past 40 years have resulted largely from the intensified focus on family planning in the 1960s and 1970s, on child health in the 1970s and 1980s, and on prenatal care in the 1980s and 1990s. Over the past 40 years, many public health and clinical care providers and their organizations have also recognized that, although it is important to offer family planning services to prevent unplanned pregnancies, it is not enough to worry about a pregnant woman's health only during her pregnancy or a child's health only after its birth, because many of the factors that contribute to the mother's and child's health can be identified and often successfully managed before pregnancy.
Today, the greatest opportunities for further improvement in pregnancy outcomes-in improving the health of women and their children-lie in prevention strategies that must be implemented prior to conception to be effective. In 1989, the U.S. Public Health Service Expert Panel identified preconception care as an essential part of prenatal care [88] . National organizations of health professionals, such as the AAP, ACOG, and the American Academy of Family Physicians (AAFP), all recommend specific components of preconception care that should be delivered within the context of health care systems [15, 89] . The time has come to move forward to the next maternal and child health frontier of "prevention" by acting on the recommendations of professional organizations and implementing scientifically proven interventions to further improve pregnancy outcomes.
Action is urgently required in an array of clinical settings, in health promotion campaigns, and in academic research settings. Because of the wide range of interventions included under the umbrella of preconception care, such interventions may be delivered in both primary care and specialty care practices. However, opportunities also exist to improve preconception health through wellness care, through maintenance care for women with chronic health conditions associated with increased preconception risk (e.g., maternal diabetes), and in settings where women seek medical support for one specific risk such as smoking or obesity. In addition, more research is needed to understand how a women's motivation for healthy behavior can be used to initiate the reduction of a number of preconception risks. For example, comparison of concurrent versus sequential interventions for smoking and weight control requires additional clarification [90] .
Above all, health care providers and health agencies must understand that early prenatal care is too late for many women and babies. In particular, some evidence-based interventions recommended for implementation during pregnancy could be more effective and beneficial if implemented before conception. For example, although smoking cessation is recommended for all pregnant women, more than one attempt to stop may be necessary to achieve success. Only about 20% of pregnant women who smoke are able to stop smoking during pregnancy [90] . Starting smoking cessation treatment -and successfully completing it-should be recommended before pregnancy is begun. Similarly, the only definitive way of preventing fetal alcohol syndrome is to stop drinking even before pregnancy. In the same manner, HIV testing and genetic counseling are recommended during pregnancy, but additional options are available to women who use these interventions prior to conception, including the decision not to become pregnant.
Conclusion
There is ample evidence that individual elements of preconception care work. Equally important, however, is the evidence that some interventions work best and others only work if provided before pregnancy. Given these realities, to further improve perinatal outcomes, the United States must commit to improving preconception health and to providing preconception care to all women of reproductive age. Even though sufficient knowledge and evidence is present to take action now, further efforts are needed to identify best practices and the most effective means of delivering integrated preconception services.
